INTRODUCTION
Central American immigrants to the United States are a growing population [1] [2] [3] with rates of food insecurity higher than national averages [2, 3] . Studies of food insecurity in this population are increasingly important as immigrants suffer deteriorating economic and social conditions [4] . The migration experience can be associated with changes in the food environment [5] . Food insecurity among immigrant populations in the United States can be related to lack of education [5] [6] [7] and income [2, 6] , as well as the need to help provide for family members in countries of origin [6] . Some individuals migrate in order to escape harmful premigration conditions in immigrant countries of origin including food insecurity [8] . Previous research examining food security among immigrant populations in the United States include studies in California [2, 7, 9, 10] , Iowa [2] , Massachusetts [5, 7, 11] , Michigan [2] , North Carolina [6] , Oregon [2] , and others [7, 12] . The impact of premigration experiences in immigrant countries of origin on food security, however, is not as well documented in this population [13] . Some studies of food insecurity do include data relating to countries and regions of origin [7, 10, 11] . However, these studies do not include data that describes variation in characteristics of the premigration environments of countries and regions of origins.
In this paper, we study postmigration food insecurity in the United States and its associations with premigration residence in a country exposed to armed conflict in Central America. Armed conflict can have deleterious consequences for food security and nutrition for many reasons [14] . Conflict and postconflict communities can suffer destruction of natural resources, loss of land, and volatility of food prices that can have important consequences for the food security of populations [15] . Armed conflict can also result in the loss of access to healthcare services and the onset of poverty that can have consequences for decades. Food insecurity can also be related to changes in political stability that result from armed conflict [16] and farmland can be destroyed for political and strategic reasons [17] . Armed conflict can also result in malnutrition and disease [18] . Research on the population health effects of armed conflict is limited by a focus on its short-term effects [19] , and few studies examine associations between armed conflict and food insecurity [20] . Armed conflict often leads to long-term food shortages, and can interact with economic and environmental problems to generate more damage [21] .
Nutrition shortages are often a social cost of violence, and deserve more research attention in the global and public health literatures. We combined multiple sources of data to quantify associations between premigration residence in a country exposed to armed conflict and postmigration food insecurity, educational attainment, and household income. Our research aims to expand the literature on food insecurity for immigrant populations, by incorporating data on the premigration experiences of immigrant countries of origin into the analysis of postmigration outcomes. Results from our analysis contribute empirical evidence to conceptual frameworks that take a life course approach to immigrant outcomes, and to the social science literature on associations between early life events and adult outcomes.
MATERIALS AND METHODS
We combined country by year level data on premigration armed conflicts in Central America with individual level data on postmigration food security, education, and income in the United States to quantify associations between premigration armed conflict and postmigration food security, education, and income. We used three measures of premigration armed conflict-any premigration armed conflict, years of premigration armed conflict, and years since most recent premigration armed conflict-to test for cumulative associations between premigration armed conflict and postmigration outcomes, and to ascertain the extent to which the associations might fade over time. The follow sections describe the data sources, the study variables, and the statistical methods.
Data Sources
To measure postmigration household-level food security, we analyzed data from the United States Food Security Survey Module collected as part of the Current Population Survey, Food Security Supplement, from 1998 to 2015 [22] . The Food Security Supplement data are collected annually, each December, by the United States Department of Agriculture, Economic Research Service and Food and Nutrition Service. The United States Food Security Survey Module was designed by the United States Department of Agriculture, to facilitate research on households with limited or uncertain access to food due to economic reasons. Studies of the United States Food Security Survey Module in immigrant populations found the module to be robust to different levels of acculturation [23] and consistent with related surveys [24, 25] . We included for the study sample those individuals in the Food Security Supplement data who were aged 19-69 years at the time of the survey, born in Central America, and currently living in the United States. To measure premigration armed conflict, we analyzed data from the Center for Systemic Peace, Integrated Network for Societal Conflict Research, Major Episodes of Political Violence file, from 1948 to 2015 [26] . The Major Episodes of Political Violence file contains country by year level data on armed conflicts throughout this time period.
Dependent Variables
We evaluated three outcomes of interest in the Food Security Supplement microdata: household food security, survey respondent education, and household income. Household food security was defined using the three categories from the United States Food Security Survey Module. The three categories of food security were: (1) food security; (2) low food security; and (3) very low food security. Survey respondent education was derived from the educational attainment variable, which indicates the highest grade in school or year of college completed by each of the survey respondents. We used this educational attainment variable to create a dichotomous variable for whether each survey respondent graduated high school by the time of the survey. Household income was defined using the dichotomous variable from the Food Security Supplement data. This variable classifies each household as having an income >185% or <185% of the federal poverty level.
Independent Variables
We created three measures of premigration armed conflict-any premigration armed conflict, years of premigration armed conflict, and years since premigration armed conflict-by coding the country by year level data on armed conflicts from the Major Episodes of Political Violence file into the life course of each individual in the study sample from the Food Security Supplement microdata. To quantify any premigration armed conflict, we classified each individual as either exposed or not exposed to premigration armed conflict, by creating an indicator for each individual that was born in a country with an armed conflict during or after their year of birth and before or during their year of migration to the United States, using the year of immigration variable in the study dataset. To quantify years of premigration armed conflict, we computed the sum of the number of armed conflicts that occurred in each individual's country of birth after they were born and before they migrated. To quantify years since premigration armed conflict, we subtracted the year of the most recent premigration armed conflict during or after an individual's year of birth and before or during their year of migration to the United States, from the year that the individual completed the Food Security Supplement survey.
Statistical Analysis
The statistical analysis proceeded in three steps: (1) we described our data on each of the premigration armed conflict variables; (2) we examined the distribution of the food security, education, and income outcomes by premigration armed conflict; and (3) we used multivariable regressions to estimate age-adjusted associations between each of the three premigration armed conflict variables and each of the postmigration outcome distributions.
To describe our data on each of the premigration armed conflict variables, we examined the prevalence of premigration armed conflict in the study sample, and the duration of premigration armed conflict in the study sample. For survey respondents with at least 1 year of premigration armed conflict, we also examined the time since premigration armed conflict in the study sample. We described the distribution of each premigration armed conflict variable by country of birth, and by sex. For the dichotomous variable for any premigration armed conflict, we reported counts and frequencies by country of birth and sex. For the continuous variables for years of premigration armed conflict and years since premigration armed conflict, we reported means and standard deviations by country of birth and sex. To describe the postmigration outcomes in relation to premigration armed conflict, we prepared a figure that depicts each of the outcome distributions, for survey respondents who did and did not reside in a country exposed to premigration armed conflict during or after their year of birth and before or during their year of migration from Central America to the United States.
To quantify age-adjusted associations between premigration exposure to armed conflict and postmigration outcomes using regression analysis, we fitted nonlinear regression models of the postmigration outcome distributions on each of the premigration armed conflict variables. For the food security outcome, we included each of the three categories of food security outcome-food security, low food security, and very low food security-by fitting multivariate ordered probit regressions. We estimated associations between premigration armed conflict and the dichotomous postmigration education and income outcomes by fitting probit regressions. After fitting each regression, we used the regression coefficients to generate predictions of the association between premigration armed conflict and each postmigration outcome. For the dichotomous premigration armed conflict variable for any armed conflict, we predicted the incremental effect of armed conflict on the outcomes [27] . For the continuous premigration armed conflict variables for years of armed conflict and years since armed conflict, we predicted the average marginal effect of armed conflict on the outcomes [28] .
To facilitate interpretation of results from regression analyses, we divided the number of years of premigration armed conflict, and the number of years since premigration armed conflict, by 10 before fitting the regressions. This resulted in key independent variables for the number of decades of premigration armed conflict, and the number of decades since premigration armed conflict. For each of the regressions, covariates were included for age, age-squared, and age-cubed to condition the associations on the age distributions observed in the study sample. Confidence intervals were computed from delta method standard errors [29] . We incorporated the design of survey using the survey sampling weights in regression analyses. We used Stata software version 14, manufactured by StataCorp in College Station, TX, USA to create and analyze the dataset [30] . Hypothesis tests were two tailed and statistical significance was set at p < 0.05. Sex was entered into the data analysis by stratifying the results by a dichotomous indicator for female or male sex.
RESULTS
The study sample included survey respondents between the ages of 19 and 69 years at the time of the health outcomes survey. In Tables 1-6 we report the results of the descriptive and inferential statistical analyses. Tables 1-3 contain the results of the descriptive analyses, and Tables 4-6 contain the results of the inferential analyses.
Counts and frequencies of survey respondents with premigration residence in a country exposed to armed conflict are reported in Table 1 . The first column of the table reports the counts and Incremental effects on food security are from ordered probit regressions of the outcome distributions on premigration armed conflict. Incremental effects on education and income are from probit regressions of education and income on premigration armed conflict; b 95% CI were computed using the delta method; c Table entries are incremental effects and 95% CI for the associations between premigration armed conflict and postmigration outcomes. For each individual, premigration armed conflict includes any armed conflict that occurred in their country of birth, during or after their year of birth, and before or during their year of immigration to the United States. Incremental effects and 95% CI are estimated using sample weights. Estimates are adjusted for the observed distributions of cubic age trends; d Survey respondent graduated from high school; e Household income is >185% of the federal poverty level; CI, confidence interval.
frequencies for females. The second column of the table reports the counts and frequencies for males. We defined premigration residence in a country exposed to armed conflict to include those armed conflicts that occurred in a survey respondent's country of premigration residence during armed conflict, and individuals from Costa Rica had the least recent year of premigration residence during armed conflict. In Figure 1 , we provide the results of our descriptive analysis that relates the postmigration distributions of food security, educational attainment, and household income to premigration armed conflict.
We report the results of the inferential statistical analyses in Tables 4-6 . In Table 4 , we report the age-adjusted associations between premigration residence in a country exposed to armed conflict, and each of the outcomes. In age-adjusted analyses for females and males, we found statistically significant, negative associations between premigration residence in a country exposed to armed conflict and postmigration household food insecurity, educational attainment, and household income. In Table 5 , we report the age-adjusted associations between the number of decades of premigration residence in a country exposed to armed conflict, and each of the outcomes. These results show that the associations between premigration residence in a country exposed to armed conflict and postmigration outcomes are cumulative, as the duration of premigration residence in a country exposed to armed conflict is associated with each of the postmigration outcomes. In Table 6 , we report the age-adjusted associations between the number of decades since the most recent premigration armed conflict exposure, and each of the outcomes. We found that the associations between premigration residence in a country exposed to armed conflict and postmigration outcomes fade over time, for both females and males.
DISCUSSION
Our study found that premigration residence in a country exposed to armed conflict is associated with postmigration food insecurity in a nationally representative sample of Central American immigrants to the United States. Our results expand the literature a Average marginal effects are from ordered probit regressions of the outcome distributions on the number of decades since premigration armed conflict; b 95% CI were computed using the delta method; c Table entries are average marginal effects and 95% CI for the associations between the number of decades since the last premigration armed conflict and postmigration outcomes. For each individual, the last premigration armed conflict occurred in their country of birth, during or after their year of birth, and before or during their year of immigration to the United States. Average marginal effects and 95% CI are estimated using sample weights. Estimates are adjusted for the observed distributions of cubic age trends. d Survey respondent graduated from high school; e Household income is >185% of the federal poverty level; CI, confidence interval.
birth during or after their year of birth, and before or during their year of immigration to the United States. The study sample included individuals between the ages of 19 and 69 years at the time of the Food Security Supplement of the Current Population Survey. Belize experienced no premigration armed conflict, whereas Guatemala experienced the highest rates of premigration armed conflict. Table 2 reports the means and standard deviations for the number of years of premigration residence in a country exposed to armed conflict among individuals responding to the Food Security Supplement of the Current Population Survey. The first column of this table reports the results for females. Belize experienced no years of premigration armed conflict, whereas Guatemala experienced the most years of premigration armed conflict. The second column of this table reports the results for males. Table 3 reports the means and standard deviations for the number of years since the most recent year of premigration residence in a country exposed to armed conflict among the subgroup of individuals with at least 1 year of premigration residence in a country exposed to armed conflict. Among the subgroup of respondents with at least 1 year of premigration residence in a country exposed to armed conflict, individuals from Guatemala had the most recent year of on associations between armed conflict and food insecurity, by examining premigration residence in a country exposed to armed conflict, and postmigration food insecurity. Maxwell et al. [21] used cross-national data between 1996 and 2010 to quantify associations between the duration of protracted crises including armed conflict with undernourishment and hunger. The authors found statistically significant associations between the number of years of crisis and the prevalence of undernourishment and hunger, after adjusting their estimated associations between crises and food insecurity for variation in income, education, government effectiveness, and the control of corruption. Our findings extend the results of Maxwell et al. [21] to test the novel hypothesis that these associations can persist for at least 20 years in displaced populations, even after they migrated away from a crisis.
Results from our study suggest that variables relating to premigration residence in a country exposed to armed conflict should be included in studies of food insecurity in immigrant populations in the United States and other receiving countries. Allouche [16] describes the literature relating armed conflict and food insecurity as more typically limited to conflict settings rather than postconflict settings while suggesting that effects of armed conflict on food insecurity might be pronounced in displaced populations. Chilton et al. [7] analyzed data collected from 1998 to 2005 from 19,275 mothers including 7216 immigrant mothers in seven cities within the United States and found statistically significant associations between food insecurity and child health in immigrant populations. Our results suggest that this analysis might be expanded by including premigration armed conflict as a predictor of food insecurity in displaced populations and their offspring. Devakumar et al. [17] describes the many studies on intergenerational health effects of armed conflict including obstetric complications, maternal mortality, neonatal mortality, low birth weight, and impaired child growth and development.
Researchers can use our results to expand on this literature, and explore the possibility of intergenerational, transnational effects of premigration armed conflict on the prevalence of postmigration food insecurity in displaced populations in relation to the nutritional status of their offspring. Researchers can also use our results to expand existing conceptual frameworks of food insecurity in immigrant populations. Sano et al. [2] describe different levels of ecological systems that contribute to immigrant food insecurity within their postmigration environment. Their conceptual framework could be expanded to include the lingering effects of premigration ecological systems on postmigration food insecurity.
Evidence on these and other previously undocumented effects of armed conflicts have the potential to help inform political and policy debates surrounding food insecurity in relation to the onset of conflicts and recovery in their aftermath. Koren and Bagozzi [20] describe the tendency of policies that intend to alleviate the problem of food insecurity to focus myopically on the dietary and nutritional antecedents of food insecurity, while neglecting the potential role of political violence in relation to food insecurity. Similarly, in their review and synthesis of the literatures relating to armed conflict and food insecurity, Messer and Cohen [15] identify several opportunities to better integrate agricultural and nutritional planning with conflict alleviation and peacebuilding efforts. For example, they suggested breaking down silos between nutrition and peacebuilding units of international nongovernmental organizations, and increasing attention to political conflict by the World Bank. These recommendations are consistent with the views of Allouche [16] who suggests that food insecurity is driven more by political conflict and less by natural resource constraints than might be suggested by the focus of some contemporary organizations and policies. As described by Maltz [14] , relationships between armed conflict and food insecurity can be found in studies of World War I and II, and studies of these historical relationships can help to guide contemporary policy by encouraging increased, transnational collaboration between local, national, and international organizations concerned with food insecurity.
Our study results should be interpreted in light of several known caveats of our dataset: (1) our dataset is limited in its approximation of residence in a country exposed to armed conflict, as it does not capture the time path of locations that individuals may have lived between their birthplace and migration to the United States; (2) our dataset is limited in its lack of detail on the geographic location of origin within migrant sending countries in our study sample; (3) our dataset is limited in its lack of detail on the timing of migration by individuals in our study sample. More data collection is needed to understand the detailed migration history of individuals and their time path of residence in countries exposed to armed conflict; to ascertain, more precisely, the location of premigration residence within countries of origin and to measure the proximity of these location of premigration residence to armed conflicts; and to specify in more detail the timing of armed conflicts in days, weeks or months, rather than the more broad measures for years of premigration armed conflict and years since premigration armed conflict; (4) our dataset lacked information on other potentially relevant premigration variables such as premigration banditry, police abuse, and social disadvantage; and (5) our research to date was limited by its entirely quantitative focus. Munger et al. [3] show that much can be gleaned from qualitative data collection concerning specific experiences relating to food insecurity among immigrant populations concerning, for example, the ability to find and purchase culturally appropriate foods, and the availability of resources related to food insecurity and nutrition within local communities.
Although our research faces several technical limitations of existing datasets, we view these technical limitations as outweighed by the conceptual advances that we are able to contribute to literatures on armed conflict and food insecurity. In light of our findings, the existing literature on armed conflict and food insecurity is incomplete, as even studies that examine longer term effects of armed conflict ignore their effects on the food insecurity of displaced populations. These previously undocumented effects should be added to more typical analyses of the broad costs and consequences of political violence.
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